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IS CLAIMED IS: 

An isolated antibody comprising an Fc region and three or more antigen binding sites amino- 
terminal to the Fc region. 

The antibody of claim 1 comprising four antigen binding sites. 

The antibody of claim 1 comprising five or more antigen binding sites. 

The antibody of claim 1 comprising a polypeptide chain, wherein the polypeptide chain comprises 
two or more variable domains. 

The antibody of claim 4 wherein the polypeptide chain comprises VD1 -(X1 ) n -VD2-(X2) n -Fc, wherein 
VD1 is a first variable domain, VD2 is a second variable domain, Fc is one polypeptide chain of an 
Fc region, X1 and X2 represent an amino acid or polypeptide, and n is 0 or 1 . 

The antibody of claim 5 comprising two or more polypeptide chains, each comprising VD1-(X1 ) n - 
VD2-(X2) n -Fc. 

The antibody of claim 1 comprising at least one polypeptide chain with the formula: 

(a) VH-CH1 -flexible linker-VH-CH1-Fc region chain; or 

(b) VH-CH1-VH-CH1-FC region chain. 

The antibody of claim 1 comprising at least two light chain variable domain polypeptides. 

The antibody of claim 8 wherein the light chain variable domain polypeptides further comprise a CL 
domain. 

The antibody of claim 1 comprising a polypeptide chain, wherein the polypeptide chain comprises 
Fd-flexible linker-Fd. 



The antibody of claim 10 wherein the flexible linker comprises a peptide selected from the group 
consisting of gly-ser, gly-ser-gly-ser (SEQ ID NO: 10), ala-ser, and gly-gly-gly-ser (SEQ ID NO:1 1 ). 

The antibody of claim 1 which is internalized faster than a bivalent antibody by a cell expressing an 
antigen to which the antibodies bind. 

The antibody of claim 1 which is an agonist antibody. 
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The antibody of claim 1 which induces apoptosis. 

The antibody of claim 1 wherein the three or more antigen binding sites all bind the same antigen. 

The antibody of claim 1 wherein the threejgfmore antigen binding sites bind two or more different 
antigens. * » 

ThA antibody of claim 1 which binds a cell surface protein expressed by tumor cells. 

The antibody yaf claim 17 wherein the cell surface protein is selected from the group consisting of 
the EpideKmal JGrowth Factor Receptor (EGFR), HER2 receptor, HER3 receptor, HER4 receptor 
and DcR3 raceMor. 




The antibodybf cdaim 17 wherein the cell surface protein is HER2 receptor. 

The antibody of clain\l which binds a cell surface protein overexpressed by tumor cells. 

The antibody of claim 1 which binds a receptor in the Tumor Necrosis Factor (TNF) receptor 
superfamily. 

The anybody of claim 21 wherein the TNF receptor is an Apo2L receptor. 

The antibodVof^laim 22 wherein the Apo2L receptor is selected from the group consisting of DR4, 
DR5, DcR1^I^K)cR2. 

The antibody of craim 22 wherein the Apo2L receptor is DR4 or DR5. 

The antibody of claim 21 which is an agonist antibody. 

The antibody of claim 21 which induces apoptosis. 

The antibody of fclaim 1 which binds a B cell surface antigen. 

The antibody of clajrap£7 wherein the B cell surface antigen is selected from the group consisting 
of CD19, CD20, CD2^ind CD40. 

The antibody of claim 27 wherein the B cell surface antigen is CD20. 
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An imnounoconjugate comprising the antibody of claim 1 conjugated with a cytotoxic agent. 

The imm\jn/3ponjugate of claim 30 wherein the cytotoxic agent is active in killing cells once 
internalized 

The immdnoc<5njuate of claim 30 wherein the cytotoxic agent is selected from the group consisting 
of a radioactive isotope, a maytansinoid and a calecheamicin. 

An isolated antibody comprising three or more antigen binding sites, wherein the antibody is capable 
of binding a receptor in the Tumor Necrosis Factor (TNF) receptor superfamily. 

The antibody of claim 33 which is not a native sequence IgM or IgA antibody. 

The antibody of claim 33 which has only one Fc region or lacks an Fc region. 

The antibody of claim 33 which comprises a polypeptide chain, wherein the polypeptide chain 
comprises two or more variable domains. 

The antibody of claim 33 which comprises four antigen binding sites each capable of binding the 
TNF receptor. 

The antibody of claim 33 wherein the TNF receptor is an Apo2L receptor. 

The antibody of claim 38 wherein the Apo2L receptor is selected from the group consisting of DR4, 
DR5, DcR1 and DcR2. 

The antibody of claim 38 wherein the Apo2L receptor is DR4 or DR5. 
The antibody of claim 33 which is an agonist antibody. 
The antibody of claim 33 which induces apoptosis. 

An isolated antibody comprising at least three antigen binding sites, wherein the antibody is capable 
of binding an orpB receptor. 

The antibody qf^wvm 43 which is not a native sequence IgM or IgA antibody. 
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45. The antibody of claim 43 which has only one Fc region or lacks an Fc region. 

46. The antibody of claim 43 which comprises a polypeptide chain, wherein the polypeptide chain 
comprises two or more variable domains. 

47. The antioody of claim 43 which comprises four antigen binding sites each capable of binding the 
ErbB receptor. 

48. The antibodv of claim 43 wherein the ErbB receptor is selected from the group consisting of 
Epidermal Grqwth Factor Receptor (EGFR), HER2 receptor, HER3 receptor and HER4 receptor. 

49. The antibody of oJaim 43 where the ErbB receptor is HER2 receptor. 

50. An isolated antibod\ comprising at least three antigen binding sites, wherein the antibody is capable 
of binding a B cell surface antigen. 

51 . The antibody of claim 3D whLr^h is)not a native sequence IgM or IgA antibody. 

52. The antibody of claim 50jwnich has orfly one Fc region or lacks an Fc region. 

53. The antibody of claim SD^iraich comprises a polypeptide chain, wherein the polypeptide chain 
comprises two or morewariaoie domains. 

54. The antibody of claim 50 which comprises four antigen binding sites each capable of the B cell 
surface antigen. \ 

55. The antibody of claim 50 wherein thep cell surface antigen is selected from the group consisting 
of CD1 9, CD20, CD22 and CD40. \ 

56. An isolated antibody comprising at least tlyee antigen binding sites, wherein the antibody is capable 
of binding an antigen which is overexpresa^d by cancer cells. 

57. A polypeptide chain comprising: 

(a) VH-CH1 -flexible linker-VH-CH1-dimerization domain; or 

(b) VH-CH1-VH-CH1-dimerization domain. 

58. An isolated antibody comprising the polypeptide chain of claim 57. 
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59. The antibody of claim ^8 further comprising two or more light chain variable domain polypeptides. 

60. The antibody of claim 59 wherein the light chain variable domain polypeptides comprise VL-CL. 

5 61. An isolated antibody conforising a dimerization domain and three or more antigen binding sites 
amino-terminal thereto \ 

62. The antibody of claim 61 whetein the dimerization domain is selected from the group consisting of 
a hinge region, an Fc region, a\CH3 domain, and a CH4 domain. 

63. The antibody of claim 62 whereinvthe dimerization domain is a hinge region. 

64. The antibody of claim 63 wherein tire dimerization domain further comprises a leucine zipper. 

^5 65. The antibody of claim 63 comprising ^polypeptide chain comprising the formula: 
(g (a) VH-CH1 -flexible linker-yH-CH1-hinge region; or 

(b) VH-CH1-VH-CH1 -hinge region. 

66. A polypeptide chain comprising three or more\eavy chain or light chain variable domains, wherein 
each of the variable domains is able to combine with three or more light chain or heavy chain 
variable domain polypeptides to form three or more^antigen binding sites, each directed against the 
same antigen. 

67. The polypeptide chain of claim 66 which comprises threat heavy chain variable domains which are 
able to combine with three light chain variable domain polypeptides to form three antigen binding 
sites directed against the same antigen. 

68. The polypeptide chain of claim 66 which comprises four heavyVhain variable domains which are 
able to combine with four light chain variable domain polypeptides\o form four antigen binding sites 

30 directed against the same antigen. 

69. The polypeptide chain of claim 66 wherein the antigen is a receptor in\he Tumor Necrosis Factor 
(TNF) receptor superfamily. 

35 70. The polypeptide chain of claim 66 wherein the antigen is a B cell surface antigen. 

71 . The polypeptide chain of claim 66 wherein the antigen is an ErbB receptor. 
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72. The polypeptide chain of claim 66 wherein the antigen is a cell surface protein expressed by tumor 
cells. 

73. A polypeptide chain comprising the formula: 

(a) ' VL-CL-flexible linker-VL-CL-flextble linker-VL-CL; 

(b) J VH-CH1 -flexible linker-VH-CH1 -flexible linker-VH-CH1 ; 
(VL-CL) n , wherein n is three or more; or 
(VH-CH1) n , wherein n is three or more. 

1 0 74. The polypeptidachain of claim 67 comprising the formula: 

(a) WcH1 -flexible linker-VH-CH1 -flexible linker-VH-CH1; 

(b) VM-CH1 -flexible linker-VH-CH1 -flexible linker-VH-CH1 -flexible linker-VH-CH1 ; or 

(c) (VH(-CH1) n) wherein n is three or four. 

P ^ 

,"J5 75. An isolated antibody comprising the polypeptide chain of claim 66. 

eg 

; s 76. The isolated antibody or claim 75 further comprising the three or more light chain or heavy chain 

iy \ 

Ly variable domain polypeptides. 

u 

^20 77. The isolated antibody of claii^i 76 comprising three or more light chain variable domain polypeptides, 

13 each comprising VL-CL. 

id 

ry 

p 78. The isolated antibody of claim 7^ comprising four light chain variable domain polypeptides, each 
comprising VL-CL. 

f 25 

79. A polypeptide chain comprising: 

(a) VL-CL-flexible link^r-VL-CL-dimerization domain; 

(b) VL-CL-VL-CL-dimerlzation domain. 

30 80. An immunoconjugate comprising the antibody of claim 75 conjugated with a cytotoxic agent. 

81. Isolated nucleic acid encoding tha antibody of claim 1, the polypeptide chain of claim 57 or the 
polypeptide chain of claim 66. / ( ^ 

35 82. A vector comprising the nucleyt acid of claim 81 . 

83. A host cell comprising the nucleic acid of claim 81 . 
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A process of producing an antibody or polypeptide chair/comprising culturing the host cell of claim 
83 so that the nucleic acid is expressed. / 

The process of claim 84 further comprising reccWering the antibody or polypeptide chain from the 
host cell culture. / 

The process of claim 85 wherein the antibody or polypeptide chain is recovered from the host cell 
culture medium. / 

A method for treating a disorder irya mammal comprising administering to the mammal a 
therapeutically effective amount ofrttte antibody of claim 1 . 

The method of claim 87 wherein me disorder is cancer. 

The method of claim 87 further comprising administering a therapeutically effective amount of a 
cytotoxic agent to the mamnral. 

A method of inducing apoc/tosis of a cancer cell comprising exposing the cell to the antibody of claim 
33. / 

A method of killing a B cell comprising exposing the B cell to the antibody of claim 50. 

A method of killinaa cell which expresses an ErbB receptor comprising exposing the cell to the 
antibody of claim/l3. 

The method o/claim 92 wherein the cell is a cancer cell which overexpresses an ErbB receptor. 
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